Specific enzymes which catalyze the formation of amino acyl adenylates have been isolated from bacterial, plant, and animal sources.'-5 More recently it was found that these enzymes also catalyze the formation of an amino acyl-RNA compound, and the evidence from a number of laboratories6-10 favors the mechanism shown in equations (1) 
Specific enzymes which catalyze the formation of amino acyl adenylates have been isolated from bacterial, plant, and animal sources.'-5 More recently it was found that these enzymes also catalyze the formation of an amino acyl-RNA compound, and the evidence from a number of laboratories6-10 favors the mechanism shown in equations (1) 
The acceptor RNA, which represents about 10 per cent of the cellular RNA of Escherichia coli, is of relatively low molecular weight.11 Each amino acid is linked to a specific site on the RNA and these acceptor sites function independently of one another. [6] [7] [8] Recently, Hecht et al. 12 showed that the acceptor activity of liver RNA required a specific terminal sequence of nucleotides, i.e., adenylyl 5'-3'-cytidylyl-5'-3'-cytidylyl-5'-3'-RNA (RNApCpCpA13). It seemed likely that this grouping provides either the point of attachment of amino acids to the RNA or that this terminal sequence is required for the binding of the RNA to the activating enzyme. The experiments described in the present report were designed to distinguish between these two possibilities.
Our results show that the leucine-, valine-, and methionine-activating enzymes link the respective amino acids to the RNA through the 2'-or 3'-hydroxyl group of the ribose of the terminal nucleotide bearing the unesterified 3'-hydroxyl group. We have identified the terminal nucleotide of the chain which accepts leucine as adenylic acid by isolating leucyl-2'-or 3'-adenosine from RNase digests of leucyl-RNA. From the behavior of the bound amino acids to treatment with hydroxylamine, 6 . 7, 14 we have inferred that the linkage is an acyl ester. Based on the present 320 BIOCHEMISTRY: PREISS ET AL.
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concept of the structure of RNA, i.e., that there is no branching of the polynucleotide chain, we have concluded that there is only one amino acid bound per polynucleotide chain. These findings, together with the observations of Zachau et al.14 that a terminal adenylic acid unit is also the acceptor for leucine in liver "soluble" RNA, support the idea that the adenylic acid in the terminal sequence adenylyl 5'-3'-cytidylyl 5'-3'-cytidylyl 5'-3'-RNA may be the acceptor for all amino acids12 and that the remainder of the RNA chain functions in determining which amino acid is linked to which chain. General Methods and Materials.-Amino acid-activating enzymes specific for L-valine, L-methionine and L-leucine were each purified on the basis of the ATP-PP"2 exchange reaction,2 from extracts of E. coli by methods to be reported later. P With the purified enzymes, the rate of These two experiments show that activity and 1 unit corresponds to the incorporation a specific nucleotide unit at the of 103 cpm under the standard conditions. Incubation of the RNA in the absence of the phosphoend of the RNA chain having a diesterase led to no loss in activity. free 3'-hydroxyl group is essential for the activity of the acceptor-RNA fraction from E. coli.
The terminal nucleotide as site of attachment for amino acids: If either of the hydroxyl groups of the ribose on the terminal nucleotide is the site of attachment for an amino acid, then treatment of the amino acid-RNA compound with periodate should not result in loss of acceptor activity. Specifically, this hypothesis states that if the leucyl-RNA is exposed to periodate, all sites other than the one specific for leucine should be inactivated and the leucine site should be protected. Table 2 describes an experiment in which leucyl-, valyl-, and methionyl-RNA were each treated with periodate, recovered by precipitation, and freed of the bound amino acids. The RNA was then tested for the ability to accept each of these amino acids. The results show that these amino acids protect oniy their own sites on the RNA against inactivation by periodate. Based on current ideas of polynucleotide structure, the only periodate-sensitive groups are the terminal nucleotides bearing unesterified 3'-hydroxyl groups. Assuming that the polynucleotide chain is un- tide.24 It was reported earlier7 that amino acids linked to RNA were converted from an acid-insoluble form to an acid-soluble form. Chromatography of the acidsoluble fraction from RNase digests of C'4-leucyl-and C14-valyl-RNA showed that all of the amino acids migrated to a region slightly ahead of that occupied by the free nucleosides and behind the free amino acids (Figs. 3, A, 3 leucine-bound component was isolated by successive paper chromatographic runs (Fig. 4, A) and subjected to dilute alkaline hydrolysis. All of the radioactivity now migrated with free leucine and the ultraviolet-absorbing material chromatographed as adenosine (Fig. 4, B) . The isolated adenosine, when hydrolyzed with acid, gave quantitative recovery of an ultraviolet-absorbing material which was identified as adenine (Fig. 4, C) . We infer that the leucine was linked to one of the two cis-hydroxyl groups of the ribose since the Rf of the leucyl-adenosine was unaffected by treatment with periodate while free adenosine, subjected to the same procedure, gave a spot with an altered Rf (0.37 as compared to 0.30 in the butanolformic acid solvent). We have concluded from this experiment that the terminal nucleotide which binds leucine is, as was found by Zachau et al.14 with liver "soluble" RNA, adenylic acid, and, moreover, from the known reactivity of the bound amino acids to hydroxylamine6'7' 4 that the linkage is from the amino acid carboxyl group to the 2'-or 3'-hydroxyl group of the ribose. Discussion.-Amino acid-activating enzymes catalyze a two-step reaction by which amino acids become linked to specific sites of RNA. The present results, together with those of Hecht et al. '2 and Zachau et al.' show that these sites are terminal nucleotides bearing a free 3'-hydroxyl group on the ribose, and that the attachment of the amino acid to the RNA is very likely by an ester linkage. If, as suggested by Hecht et al.,'2 all amino acid-acceptor ends are terminated by an identical sequence of at least three nucleotides (RNApCpCpA), then either the structure or the composition and sequence of nucleotides in the remaining portion of the chain must determine which amino acid is linked to which chain. It seems likely that this specificity results from the interaction of a portion of the polynucleotide chain with specific amino acid-activating enzymes. Consistent with such a hypothesis are preliminary studies which show that the polynucleotide, from which the terminal nucleotide has been removed by the successive action of periodate, alkali, and phosphomonoesterase, competitively inhibits the rate of amino acid incorporation into active RNA, but does not affect the yield. The periodate oxidation technique we have used has enabled us to make preparations which are specific for single amino acids but which still contain the inactive chains. It is clear that the answer to the specificity problem will require the isolation of homogeneous prep Summary.-Purified leucine-, valine-, and methionine-activating enzymes from E. coli catalyze the transfer of these amino acids to a specific fraction of RNA according to the following general equation:
ATP + amino acid + RNA =-amino acid-RNA + PP + AMP. The acceptor-activity of the RNA is lost after destruction or removal of the terminal nucleotide having the free 3'-hydroxyl group by periodate or the action of snake venom phosphodiesterase. If an amino acid is linked to the RNA prior to treatment with periodate, the acceptor site specific for the bound amino acid is protected against inactivation while all others are destroyed. Treatment of leucyl-RNA with pancreatic RNase results in the liberation of leucyl 2'-or 3'-adenosine. All of these observations are consistent with the hypothesis that each amino acid is linked to a specific polynucleotide chain through linkage of the amino acid to the 2'-or 3'-hydroxyl group of the terminal nucleotide of the chain. Introduction.-Galactose-i-phosphate-uridyl transferase (transferase) catalyzes a reversible hexose exchange which results in the formation of uridine diphosphate galactose (UDPGal) and glucose-1-phosphate (Glu-1-P) from galactose-1-phosphate (Gal-1-P) and uridine diphosphate glucose (UDPGlu):
Gal-1-P + UDPGlu =;UDPGal + Glu-1-P. This enzyme is absent or deficient in the erythrocytes of galactosemicsl thus partially blocking the normal metabolism of galactose. As much of the ingested galactose is not excreted by galactosemics,2'3 the possibility of an incomplete metabolic block or of an alternative pathway of galactose metabolism must be considered. Such an alternative pathway has been demonstrated in liver.4
Methods have been devised to detect galactosemics, based upon measuring (1) galactose tolerance, (2) the Gall-P which accumulates in the red cells,6 or (3) the transferase level in the red cells. The description and application of the modified transferase assay are the subject of this communication.
Methods.-The initial assay for transferase was based on the original procedure of Kalckar et al.' and consisted of incubating hemolyzates of red cells with Gal-1-P
